Orthodontically induced inflammatory root resorption is a common complication associated with orthodontic tooth movement. The aim of this study was to investigate how T-helper (Th) 17 cells and interleukin (IL)-17 contribute to root resorption during orthodontic tooth movement. Fifteen male 8-week-old SKG/Jcl mice (rheumatoid arthritis (RA) group) and 15 male 8-week-old BALB/cAJcL mice (wild type group) were subjected to an excessive orthodontic force of 25 g to induce a mesially tipping movement of the upper first molars for nine days. The expression levels of the cathepsin K, IL-17, IL-17 receptor (IL-17R), receptor activator of nuclear factor kappa B (RANK) ligand (RANKL), and RANK proteins were determined in the resorbed lacunae of the mouse periodontal ligament (PDL) by an immunohistochemical analysis. Following the experimental tooth movement in vivo, resorption lacunae with multinucleated cells were observed in both groups. The immunoreactivities for cathepsin K, IL-17, IL-17R, RANKL, and RANK in the RA group were found to be significantly increased in the PDL tissue subjected to the orthodontic force on day 9 compared with the control group. The double-immunofluorescence analysis for IL-17/CD4 detected immunoreactivity in the PDL. The results of this study suggest that the Th17 cell response to excessive orthodontic force may lead to the progression of root resorption by increasing the expression of IL-17, RANKL, and RANK.
Introduction
External apical root resorption (EARR) is an unavoidable pathologic consequence of orthodontic tooth movement. It can be defined as an iatrogenic disorder that occurs, unpredictably, after orthodontic treatment, whereby the resorbed apical root portion is replaced with normal bone.
EARR is a sterile inflammatory process that is extremely complex and involves various disparate components including mechanical forces, tooth roots, bone, cells, surrounding matrix, and certain known biologic messengers(1). Killiany (2) reported external apical root resorption of 3 mm to occur at a frequency of 30 %, with only 5 % of treated individuals found to have 5 mm of root resorption. The etiology of external apical root resorption following orthodontic treatment is not fully understood. In the last 10 years, interestingly, it was suggested that individual susceptibility (3, 4) , genetics (5-7), and systemic factors (8) were risk factors for EARR.
However, the definite cause of resorption has not yet been identified. Recently, Nishioka et al. (9) found both allergy and asthma to be risk factors for orthodontic root resorption.
Nigul et al.(10) also reported that allergic patients had more resorption than non-allergic patients. These data suggest that the immune system may be involved in the occurrence of EARR.
It is worth noting that an abnormal activation of the immune system leads to bone destruction in diseases such as rheumatoid arthritis (RA), and animal models deficient in immunomodulatory molecules often develop unexpected skeletal phenotypes. Takayanagi (11) concluded that accumulating evidence lends support to the theory that The IL-17 cytokines constitute a six-member family (IL-17A-F) that is central for adaptive immune responses (12) .
They are products of the Th17 subset of CD4 + T lymphocytes, which have a high IL-17-dependent osteoclastogenic activity (13) . IL-17A was initially found to stimulate osteoclastogenesis in mixed hematopoietic cell/osteoblasts cultures via prostaglandin synthesis and RANKL expression (14) . Moreover, IL-17A mediates the activation of osteoclasts and bone destruction in joints affected by rheumatoid arthritis.
In addition, IL-17 induces RANKL production by osteoblasts, and was shown to be related to bone destruction in periodontitis (15, 16 However, little is known about the relationship between the immune system and EARR in the PDL tissues. In this study, the immunolocalization of IL-17, IL-17R, RANKL, and RANK in a mouse model of T cell-mediated autoimmune disease (RA mouse) was investigated with regard to its role in root resorption during experimental tooth movement due to the application of a heavy force.
Materials and Methods

Animal studies
The animal experimental protocol used in this study was (Fig. 1 ).
Tissue preparation
The experimental period was set at nine days after tooth movement was initiated. The animals were deeply anesthetized using a thiamylal sodium and then were transcardially perfused with 4 % paraformaldehyde in 0.1 M phosphate buffer solution, after which, the maxilla was immediately 
Immunohistochemistry
Immunohistochemical staining was performed as follows:
The sections were deparaffinized, and the endogenous Cruz, CA, USA; working dilution, 1:100) for 18 hours at 4℃.
The Histofine Simple Stain MAX-Po (G) kit was used for the staining of cathepsin-K and RANKL and the MAX-Po (G) kit was used for the staining of IL-17, IL-17R and RANK.
The sections were rinsed with TBS and the final color reactions were performed using the 3, 3ʼ-diaminobenzidine tetra-hydrochloride substrate reagent, and the sections were then counter-stained with hematoxylin.
Double immunofluorescence staining
For double immunofluorescence staining, the sections were deparaffinized and washed in TBS, then the sections were incubated with a monoclonal anti-mouse CD4 antibody 
Results
Body weights during the experimental period
The body weights of the mice in both groups subjected to the 25 g force decreased transiently on day 1 and then recovered. No significant differences between the two groups were observed (data not shown).
Histological changes in periodontal tissues during tooth movement (H.E. staining)
In the control (0 g) wild type and RA groups, the mouse PDL specimens were composed of relatively dense connective tissue fibers and fibroblasts that were horizontally aligned from the root cement. The root surface was relatively smooth, with few mononuclear and multinucleated osteoclasts (Figs. 2a and 2c ). In the wild type group subjected to the excessive orthodontic force (25 g), there was a coarse arrangement of fibers and compressed blood capillaries. On day 9, several root resorption lacunae with multinucleated cells were recognized on the surface of the root (Figs. 2b and 2d ).
Immunohistochemical findings of Cathepsin K
In the control (0 g) wild type and RA groups, resorption lacunae with cathepsin K-positive cells were rarely observed (Figs. 3a and 3c ). In the wild type mice subjected to the excessive orthodontic force (25 g), several cathepsin Kpositive cells were observed in the PDL on day 9 (Fig. 3b ).
In the RA group subjected to the excessive orthodontic force (25 g), the number of cathepsin K-positive cells were higher than that in the wild type mice (Fig. 3d) .
A quantitative evaluation showed that the ratio of cathepsin K-positive cells/all cells was significantly increased in the RA group on day 9 compared with the wild type mice (p < 0.01) (Fig. 3e) .
Protein expression levels of IL-17, IL-17R, RANKL, RANK
The immunoreactivity for IL-17, IL-17R, RANKL, and RANK was examined on day 9 after tooth movement. IL-17-positive cells was rarely observed in the control (0 g) wild type mice (Fig. 4a) , while the levels in this group were increased by excessive orthodontic force (Fig. 4b) . In the control (0 g) RA mice, some IL-17-positive cells were observed in the PDL tissues (Fig. 4c) , and the levels in the RA group were also increased by the application of the excessive orthodontic force (Fig. 4d) . In the RA group subjected to the excessive orthodontic force (25 g), the number of IL-17-positive cells increased in comparison to that of the wild type group exposed to the force (p < 0.01) (Fig. 4e) . and 5b) and the RA groups (Figs. 5c and 5d) showed a tendency to increased by the application of the excessive orthodontic force, but there was no significant difference between the groups (Fig. 5e ). (Figs. 6a and 6b ), the RA groups (Figs. 6c and 6d) showed significantly increased expression. Both the wild type groups (Fig. 6a and   6b ) and the RA groups ( Fig. 6c and 6d) showed a tendency to increased by the application of the excessive orthodontic force, but there was no significant difference between the groups (Fig. 6e) .
RANKL-positive cells was observed in all groups (Figs. 6a-d). In comparison to the wild type groups
RANK-positive cells was rarely observed in the control (0 g) wild type mice (Fig. 7a) , but the expression levels were increased by the exposure to the excessive orthodontic force (Fig. 7b) . In the control (0 g) RA group, some RANKpositive cells were observed in the PDL tissues (Fig. 7c) , and their expression was also increased by the application of the excessive orthodontic force (Fig. 7d) . In the RA group subjected to the excessive orthodontic force (25 g), the number of RANK-positive cells increased in comparison to that in the wild type mice (p < 0.01) (Fig. 7e) .
Double immunofluorescence findings of Th17 cells
In the control (0 g) mice in both groups, CD4-and IL-17-positive (Th17) cells were rarely observed on day 9 (Figs. 8a and 8c). In the wild type group subjected to the excessive orthodontic force (25 g), several CD4-and IL-17-positive cells appeared in the PDL tissues (Fig. 8b) . In the RA group subjected to the excessive orthodontic force (25 g), however, many CD4-and IL-17-positive cells were observed in the PDL tissue (Fig. 8d) . excessive orthodontic force model.
The results of our study showed that immunoreactivity for cathepsin K was detected in PDL tissues on day 9 after the initial application of the force, and the immunoreactivity in the RA group was higher than that in the wild type mice This study also showed a similar result in RA group which were given excessive orthodontic force. However wild type group showed a tendency to increase, but there was no significant difference between the groups. In addition, RA association with root resorption was assumed from the presence of a number of cathepsin K -positive cells in the RA group.
On day 9, immunoreactivity for IL-17 and IL-17R were detected in the PDL tissues exposed to the force, and the immunoreactivities in the RA group were higher than those in the wild type group (Figs. 4 and 5 ). RANKL and RANK immunoreactivities were also strongly detected in the PDL tissues in the RA group (Figs. 6 and 7) . Oshiro et al. (31) suggested that osteoblast/stromal cells and PDL fibroblasts were involved in supporting osteoclast differentiation during tooth movement. Odontoclasts, which were responsible for Finally, in the wild type mice, several CD4-and IL-17-positive (Th17) cells were detected in the compressed PDL tissues on day 9 (Fig. 8b) . In the RA group, however, many of these cells were observed in the compressed PDL tissue outside of the area of the resorbed root surface (Fig. 8d) . resorption via IL-17, RANKL, and RANK expressions. 
